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WHAT IS CLAIMED IS: 
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1. A fiber optic cable for a/ wavelength division 
multiplexing (WEM) optical transmission system including a 
plurality of connected optical fibers, wherein each of the 
connected optical fibers is formed of a plurality of optical 
fibers respectively exhibiting diffe/rent dispersion values and 
different dispersion slopes in k predetermined operating 
wavelength range while having different lengths and different 
effective areas, the optical fibers being connected to one 
another in an optional order. 



2. The fiber optic cable according to claim 1, wherein 
the different dispersion values and different lengths of the 
15 optical fibers in each of /the connected optical fibers are 
controlled so that the connected optical fiber has an average 
dispersion value corresponding to a value required in the WDM 
optical transmission system. 



20 3. The fiber op£ic cable according to claim 1, wherein 

the different dispersion values, different slopes, and 
different lengths /of the optical fibers in each of the 
connected optical /fibers are controlled so that the connected 
optical fiber has an average dispersion slope corresponding to 
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a value required in the WEM optical transmission system. 

4. The fiber optic cable according to claim 1, wherein 
the different effective areas and different' lengths of the 
5 optical fibers in each of the connected optical fibers are 
controlled so that the connected optical fiber has an average 
effective area corresponding to a /value required in the WDM 
optical transmission system. 

10 5. The fiber optic cable according to any one of claims 



1 to 4, wherein at least a part of the different dispersion 

/ 

values are +2 ps/nm-km or more/ and at least the other part of 

/ 

the different dispersion values are -2 ps/nm-km or less. 



15 6. The fiber optic cable according to claim 5, wherein 

the optical fibers of eachjof the connected optical fibers are 
connected to one another ^in such a fashion that adjacent ones 
of the optical fibers .have dispersion values of opposite 
signs, respectively, while exhibiting a dispersion value 

7. The fiber optic cable according to any one of claims 
1 to 4, wherein each of the connected optical fibers has a 
length of 0.5 to 2p km. 
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8. A fiber opliic cable for a wavelength division 
multiplexing (WEM) optical transmission system including a 
plurality of connected! optical fibers, wherein each of the 
connected optical fibers comprises: 

a first optical tfiber exhibiting a first dispersion 
value and a first dispersion slope in a predetermined 
operating wavelength range while having a first length and a 
first effective area; and 

a second optical fiber exhibiting a second dispersion 
value and a second dispersion slope in the predetermined 
operating wavelength range while having a second length and a 
second effective area; 

the first and second optical fibers being connected 
together in an optional order. 



9. The fiber optic cable according to claim 8, wherein 
the first dispersion value and first length of the first 
optical fiber and the second dispersion value and second 
20 length of the second optical fiber are controlled so that an 
associated one of the comected optical fibers has an average 
dispersion value corresponding to a value required in the WDM 
optical transmission system. 
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/ 

10. The fiber optic cable according to claim 8, wherein 

i 

/ 

the first dispersion value, first dispersion slope, arid first 
length of the first optical fiber and the second yiiispersion 
value, second dispersion slope, and second lerigth of the 
second optical fiber are controlled so that an associated one 
of the connected optical fibers has a dispersion value 
corresponding to a value required in t^he WDM optical 
transmission system. 



10 11. The fiber optic cable according to claim 8, wherein 

the first length and first effective ayea of the first optical 
fiber and the second length and second effective area of the 
second optical fiber are controlled so that an associated one 
of the connected optical fibers has an -effective area 

15 corresponding to a value required in the WDM optical 
transmission system. 



12. The fiber optic /cable according to claim 9, wherein 
the first dispersion value of the first optical fiber, the 
20 second dispersion value of the second optical fiber, and the 
average dispersion value of the associated connected optical 

fiber are function/ of an operating wavelength {X) , and the 
average dispersidn value of the connected optical fiber is 
determined by tMe following equation: 
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In the equation, 

"D C f" represents the average dispersion value (ps/nm-km) 
of the connected optical fiber; 

"Di" represents the first dispersion value (ps/nm-km) of 



the first optical fiber; 

"D 2 " represents the second dispersion value (ps/nm-km) of 
10 the first optical /fiber; 

"li" represents the first length (km) of the first 
optical fiber; and 

i 

>x l 2 " represents the second length (km) of the second 



optical fiber. J 

t 

t 
j 

/ 

13. The fiber optic cable according to claim 10, wherein 
the first dispersion value and first dispersion slope of the 
first optical^ fiber, the second dispersion value and second 
dispersion slope of the second optical fiber, and the 
20 dispersion value and dispersion slope of an associated one of 
the connected optical fibers are function of an operating 

wavelength / (k) , and the dispersion value of the connected 
optical fiber is determined by the following equation: 



58 



WO 01/13146 




dX l x +l 2 / /^/j 



In the equation, 

5 ^S C f" represents the dispers/Lon slope (ps/nm 2 -km) of the 

connected optical fiber; 

xx D C f" represents the averagjb dispersion value (ps/nm-km) 
of the connected optical fiber; 

"Di" represents the first /dispersion value (ps/nm-km) of 
10 the first optical fiber; 

"D 2 " represents the secoi/d dispersion value (ps/nm-km) of 
the first optical fiber; 

xx Si" represents the firjst dispersion slope (ps/nm 2 -km) of 
the first optical fiber; 

/ 

15 "S 2 " represents the second dispersion slope (ps/nm-km) 



r 

of the second optical fiber; 



"li" represents tt/e first length (km) of the first 
optical fiber; and 

NX 1 2 " represents t/he second length (km) of the second 
20 optical fiber. 

14. The fib^: optic cable according to claim 11, 
wherein the effecti/re area of the connected optical fiber is 
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determined by the following efquation: 



1,1,-1 

* a 3 I, - 1 a 3 L l (l 2 -1) 



aj /I, a. 



^2 



In the equation, 

"Acf" represents the| 
connected optical fiber; 

xx li" represents the 
optical fiber; 

"I 2 " represents the /second length (km) of the second 
optical fiber; 



effective area (\m 2 ) of the 



first length (km) of the first 



oti" represents a loss index (/km) of the first optical 



fiber; 



fiber; 



/ 



a 2 " represents a loss index (/km) of the second optical 



f glL+gcJ* 
xx a 3 " is expressed by xx a,=— - — — "; 

/ 

xx ai" is expressed! by xx ai = 0.1 x ai x log (10)"; 

xx a 2 " is expressed by xx a 2 = 0.1 x a 2 x log (10)"; 

xx a_{l}" represents a loss coefficient (dB/km) of the 
first optical fiber;] 

xx a_{2}" represents a loss coefficient (dB/km) of the 
second optical fiber; 



60 



wo 01/13146 IOO 7' IP^aMtfumw I 



"LI" is expressed by XN Li = exp(-ocilJ) "; and 
"L2" is expressed by XX L 2 = exp(-a/l 2 ) ". 

15. The fiber optic cable according to any one of claims 
8 to 14, wherein the first and sjcond dispersion values have 
opposite signs, respectively, while exhibiting a difference of 
at least 10 ps/nm-km therebetween. 



16. The fiber optic cabll according to any one of claims 
10 8 to 14, wherein the first /dispersion slope has a positive 

/ 

value, and the second dispersion slope has a negative value. 



17. The fiber optic/ cable according to any one of claims 

8 to 14, wherein the fi'rst and second dispersion slopes have 

/ 

15 positive values, respectively. 



18. The fiber optic cable according to any one of claims 



8 to 14, wherein the first dispersion value of the first 

/ 

optical fiber ranges from +4 ps/nm-km to +20 ps/nm-km at a 
20 central wavelength in the operating wavelength range, and the 
second dispersiop value of the second optical fiber ranges 
from -20 ps/nm-^m to -4 ps/nm-km at the central wavelength in 
the operating wavelength range. 
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19, The fiber optic cable according to claim 18, wherein 
the first dispersion value ranges from 15 ps/nm-km /to 18 
ps/nm-km, and the second dispersion value ranges f^om -12 
ps/nm-km to -9 ps/nm-km. 



20. The fiber optic cable according to any one of claims 

/ 

8 to 14, wherein the first dispersion slope has a value of 

/ 

+0.1 ps/nm 2 -km or less, and the second dispersion slope has a 

/ 

value of -0.1 ps/nm 2 -km. 





21. The fiber optic cable according ; to any one of claims 

/ 

8 to 14, wherein the first and second dispersion slopes have 



values of +0.1 ps/nm 2 -km or less, respectively. 



/ 



15 22. The fiber optic cable according to any one of claims 



8 to 14, wherein the first effective area ranges from 50 \xm 

ij 

to 90 |jm , and the second effective area ranges from 30 pm to 

/ 

80 |jm 2 . / 



I 



20 23. The fiber optic cable according to claim 19, wherein 

/ 

the first and second lengths of the first and second optical 

/ 

fibers range from 3 km to 6 km, respectively. 



24. The fiber optic cable according to any one of claims 



/ 
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8 to 14, wherein the first and second optical fibers exhibit a 
dispersion value of 0 in a wavelength rang^f of 1,300 to 1,550 
nm. 

5 25. The fiber optic cable according 7 to any one of claims 

8 to 14, wherein the first optical fiber exhibits a dispersion 
value of 0 in a wavelength range of .1,300 to 1,500 nm, and the 
second optical fiber exhibits a dispersion value of 0 at a 
wavelength of 1,600 nm or more. 

26. A fiber optic cable /for a wavelength division 
multiplexing (WDM) optical transmission system including a 
plurality of connected optical/ fibers, wherein each of the 
connected optical fibers comprises: 
15 a first optical fiber^/ exhibiting a first dispersion 

value and a first disper'sion slope in a predetermined 
operating wavelength range /rhile having a first length and a 
first effective area; 

a second optical fiiber exhibiting a second dispersion 
20 value and a second dispersion slope at the predetermined 
operating wavelength range while having a second length and a 
second effective area; and 

a third optical /fiber exhibiting the first dispersion 
value and the first /dispersion slope at the predetermined 



63 



wo oi/i3i46 100497 iMTstmmm^n 



operating wavelength range while having a third length and the 
first effective area; 

the first optical fiber, the second optical fiber, and 
the third optical fiber being conneqted to one another in this 
5 order . 

27. The fiber optic cable according to claim 26, wherein 
the first dispersion value and jfirst length of the first 
optical fiber, the second dispersion value and second length 

10 of the second optical fiber, and the first dispersion value 

and third length of the third optical fiber are controlled so 

j 

that an associated one of the connected optical fibers has an 

/ 

average dispersion value corresponding to a value required in 
the WDM optical transmission system. 

15 / 

/ 

28. The fiber optic cable according to claim 26, wherein 
the first dispersion value, /first dispersion slope, and first 
length of the first optical fiber, the second dispersion 
value, second dispersion / slope, and second length of the 

20 second optical fiber, and the first dispersion value, first 
dispersion slope, and third length of the third optical fiber 
are controlled so that/ an associated one of the connected 
optical fibers has a dispersion value corresponding to a value 
required in the WDM optical transmission system. 
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29. The fiber optic cable according to claim 26, wherein 
the first length and first effective area of /the first optical 
fiber, the second length and second effective area of the 
second optical fiber, and the third length/ and first effective 

area of the third optical fiber are controlled so that an 

f 

associated one of the connected optical fibers has an 

/ 

effective area corresponding to a value required in the WEM 

/ 

optical transmission system. v 



10 / 

30, The fiber optic cable according to claim 27, wherein 
the first dispersion value of the first and third optical 
fibers, the second dispersion value of the second optical 
fiber, and the average dispersion value of the associated 

15 connected optical fiber ar;e function of an operating 



wavelength (A,) , and the average dispersion value of the 
connected optical fiber Js determined by the following 
equation: 



20 D a , DM)h+DAWJ+m)h 



In the equations 
NX D C f" represents the average dispersion value (ps/nm-km) 
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of the connected optical fiber; / 

*Di" represents the first dispersion value (ps/nm-km) of 
the first optical fiber; 

"D2" represents the second dispersion value (ps/nm-km) of 

i 
i 

the first optical fiber; 



/ 

"li" represents the first length (km) of the first 
optical fiber; 

"i 2 " represents the second length (km) of the second 
optical fiber; and . j 

10 "1 3 " represents the / third length (km) of the third 

/ 

optical fiber. / 

/ 

< 

/ 

31. The fiber optic cable according to claim 28, wherein 

/ 

the first dispersion yvalue and first dispersion slope of the 
15 first and third optical fibers, the second dispersion value 
and second dispersion slope of the second optical fiber, and 
the average dispersion value and dispersion slope of an 

associated one of the connected optical fibers are function of 

/ 

an operating wavelength (X) , and the dispersion value of the 
20 connected optical fiber is determined by the following 
equation: 




ai /,+/ 2 +/ 3 ~ h+k+h 
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In the equation, 
"S C f" represents the dispersion slope (ps/nm 2 -km) of the 
connected optical fiber; 

xx D C f" represents the average dispersion value (ps/nm-km) 
5 of the connected optical fiber// 

"Di" represents the first dispersion value (ps/nm-km) of 
the first optical fiber; 

"D 2 " represents the second dispersion value (ps/nm-km) of 
the first optical fiber; 
10 "li" represents the' first length (km) of the first 

optical fiber; 

XX I 2 " represents the second length (km) of the second 
optical fiber. 

"I 2 " represents 9 the third length (km) of the third 

15 optical fiber. 

"Si" represents the first dispersion slope (ps/nm 2 -km) of 

the first optical/fiber; and 
j 

"S 2 " represents the second dispersion slope (ps/nm 2 -km) 



of the second /optical fiber. 

32. / The fiber optic cable according to claim 29, 
wherein yche effective area of the connected optical fiber is 
determined by the following equation: 
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a, 4 a* 4 



In the equation, 

xx Acf" represents the effective area (|jm z ) of the 
connected optical fiber; J 

xx li" represents the first length (km) of the first 

i 

optical fiber; ; 

XX I 2 " represents the second length (km) of the second 



optical fiber; ' 

3 

X *I 3 " represents the third length (km) of the third 

'/ 

10 optical fiber; ; 

i 

xx ai" represents a loss index (/km) of the first optical 

fiber; jj 

i 

"a 2 " represents a loss index (/km) of the second optical 

i 

fiber; I 

it 

15 W is expressed by -a 3 =5A±^±5i (/km)"; 

/ 

"ai" is expressed by xx ai = 0.1 x ai x log (10)"; 

/ 

xx a 2 " is expressed by xx a 2 = 0.1 x a 2 x log (10)"; 

xx a_{l}" represents a loss coefficient (dB/km) of the 
first optical fiber;] 
20 "a_{2}" represents a loss coefficient (dB/km) of the 

second optical fiber; 
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NX L1" is expressed by "Li =/exp(-aili) "; 

t 

"L2" is expressed by "L 2 = exp(-a 2 l2) "; and 

I 

"L3" is expressed by "L 3 j= exp(-ail 3 ) ". 
5 33. The fiber optic cable according to any one of claims 

i 

26 to 32, wherein the first and second dispersion values have 

u 

opposite signs, respectively;' while exhibiting a difference of 

/■■ 

at least 10 ps/nm-km therebetween. 

s 

t 

10 34. The fiber optic cable according to any one of claims 

26 to 32, wherein the first dispersion slope has a positive 

/ 

value, and the second dispersion slope has a negative value. 



35. The fiber optic cable according to any one of claims 
15 26 to 32, wherein the^/first and second dispersion slopes have 
positive values, respectively. 



36. The fiber /optic cable according to any one of claims 
26 to 32, wherein the first dispersion value of the first 
20 optical fiber ranges from +4 ps/nm-km to +20 ps/nm-km at a 
central wavelength in the operating wavelength range, and the 
second dispersi'on value of the second optical fiber ranges 
from -20 ps/nra-km to -4 ps/nm-km at the central wavelength in 
the operating* wavelength range. 
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/ 

37. The fiber optic cable according to claim 36, wherein 

i 

the first dispersion value ranges from 15 ps/nm-km? to 18 
ps/nm-km, and , and the second dispersion value ranged from - 
12 ps/nm-km to -9 ps/nm-km. 

38. The fiber optic cable according to any pne of claims 

/ 

26 to 32, wherein the first dispersion slope has a value of 

/ 

+0.1 ps/nm 2 -km or less, and the second dispersion slope has a 
value of -0.1 ps/nm-km. ' 

/ 

39. The fiber optic cable according to any one of claims 

/ 

26 to 32, wherein the first and second dispersion slopes have 

/ 

values of +0.1 ps/nm 2 -km or less, respectively. 

/ 
/ 

t. 

15 40. The fiber optic cable according to any one of claims 

/ 

26 to 32, wherein the first effective area ranges from 50 nirr 
to 90 \xnr, and the second effective area ranges from 30 pm to 
80 Mm 2 . 




20 41. The fiber optac cable according to claim 37, wherein 

the first, second, ar/d third lengths range from 3 km to 6 km, 
respectively. 



42. The fi£>er optic cable according to any one of claims 
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26 to 32, wherein the first, second, and third optical fibers 

* 

exhibit a dispersion value of 0 in a wavelength range of 1,300 
to 1,500 nm. 




43, The fiber optic cable according to any one of claims 
26 to 32, wherein the first optical fiber exhibits a 

/ 

dispersion value of 0 in a wavelength range of 1,300 to 1,500 
nm, and the second optical fiber exhibits a dispersion value 
of 0 at a wavelength of 1,600 nm or more. 



44. The fiber optic cable/according to claim 1, 8 or 26, 
wherein the connected optical/ fiber has an average dispersion 
value ranging from 1 ps/nm-km tolO ps/nm-km. 

/ 

15 45. The fiber optic cable according to claim 1, 8, or 

26, wherein the operating wavelength range is selected from 
the group consisting of a range from 1,300 nm to 1,530 nm, a 
range from 1,400 nm ^to 1,565 nm, and a range from 1,530 nm to 
1\650 nm. 

20 




A wavelength division multiplexing (WDM) optical 
transmission system having a predetermined channel spacing and 
a predetermined number of channels, comprising: 

a transmitting terminal for providing a plurality of 
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optical signals respectively having different wavelengths; 

a multiplexer connected to the transmitting terminal and 
adapted to multiplex the optical signals; 

a plurality of fiber optic cables edch including a 
plurality of connected optical fibers, each/of the connected 
optical fibers being formed of a pluralitw of optical fibers 
respectively exhibiting different dispersion values and 
different dispersion slopes in a predetermined operating 
wavelength range while having different/ lengths and different 
effective areas, the optical fibers /being connected to one 
another in an optional order; 

connecting means for interconnecting the fiber optic 
cables; 

optical amplifiers for Amplifying the optical signal 
being transmitted through the /fiber optic cables; 

a demultiplexer for demultiplexing the optical signal 
transmitted through the fiber optic cables; and 

• a receiving terminal connected to the demultiplexer and 
adapted to receive the demultiplexed optical signal . 

K7. A wavelength division multiplexing (WDM) optical 
transmission systqrh having a predetermined channel spacing and 
a predetermined dumber of channels, comprising: 

a transmitting terminal for providing a plurality of 
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optical signals respectively /having different wavelengths; 

a multiplexer connected to the transmitting terminal and 
adapted to multiplex the .optical signals; 

a plurality of f/ber optic cables each including a 
5 plurality of connected /optical fibers, each of the connected 
optical fibers including a first optical fiber exhibiting a 
first dispersion valfue and a first dispersion slope in a 
predetermined operating wavelength range while having a first 
length and a first jsffective area, and a second optical fiber 
10 exhibiting a seconfi dispersion value and a second dispersion 
slope in the predetermined operating wavelength range while 
having a second Ijength and a second effective area, the first 
and second optijcal fibers being connected together in an 
optional order. 

15 connecting means for interconnecting the fiber optic 

cables; 

optical / amplifiers for amplifying the optical signal 
being transmitted through the fiber optic cables; 

a demultiplexer for demultiplexing the optical signal 
20 transmitted /through the fiber optic cables; and 

a receiving terminal connected to the demultiplexer and 
adapted tcf receive the demultiplexed optical signal. 

A wavelength division multiplexing (WDM) optical 
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transmission system having a predetermined channel spacing and 
a predetermined number of channels, comprising: 

a transmitting terminal for providing a plurality of 
optical signals respectively having different wavelengths; 

a multiplexer connected to the transmitting terminal and 
adapted to multiplex the optical signals; / 

a plurality of fiber optic cables each including a 



plurality of connected optical fibers, each of the connected 
optical fibers including a first optica^/ fiber exhibiting a 
first dispersion value and a first dispersion slope in a 



predetermined operating wavelength range while having a first 
length and a first effective areay/a second optical fiber 
exhibiting a second dispersion value and a second dispersion 



slope at the predetermined operating wavelength range while 

/ 

having a second length and a second effective area, a third 
optical fiber exhibiting the / ir st dispersion value and the 
first dispersion slope at the predetermined operating 
wavelength range while having a third length and the first 
effective area, the first optical fiber, the second optical 
fiber, and the third /ptical fiber being connected to one 
another in this order. 

connecting me^ns for interconnecting the fiber optic 
cables; 

optical amplifiers for amplifying the optical signal 
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/ 

being transmitted through the fiber optic cables; 

a demultiplexer for demultiplexing the optical signal 
transmitted through the fiber optic cables; and 

a receiving terminal connected to /the demultiplexer and 

/ 

adapted to receive the demultiplexed optical signal. 



49. The WDM optical transmission system according to any 

I 

one of claims 46 to 48, wherein the channel spacing is 50 GHz. 

it 

/ 

10 50. The WDM optical transmission system according to any 

/ 

one of claims 46 to 48, wherein the channel spacing is 100 GHz 

/ 

or more. 




51. The WDM optical transmission system according to 

/ 

15 claim 47, wherein the connecting means connects the first 



optical fiber of a selected one of the fiber optic cables to 
the first optical/fiber of another one of the fiber optic 
cables adjacent . jto the first optical fiber of the selected 
fiber optic cable while controlling a length of the resultant 

/ 

20 connected first optical fiber. 



52. /The WDM optical transmission system according to 
claim 4/7, wherein the connecting means connects the first 
optical fiber of a selected one of the fiber optic cables to 
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the second optical fiber of another one of the fih^r optic 
cables adjacent to the first optical fiber of tfye selected 
fiber optic cable on an optical line. 

5 53, The WEM optical transmission system according to 

claim 48, wherein the connecting means connects the first 

optical fiber of a selected one of the fiber optic cables to 

the first optical fiber of another- one of the fiber optic 

/ 

cables adjacent to the first optical^ fiber of the selected 
10 fiber optic cable while generating a minimum connection loss. 



bing a mi 

/ 



54. The WEM optical transmission system according to 




claim 48, wherein the connecting means connects the third 



optical fiber of a selected one of the fiber optic cables to 

/ 

15 the first optical fiber of another one of the fiber optic 
cables adjacent to the third optical fiber of the selected 
fiber optic cable vftiile generating a minimum connection loss. 



